Objective: To obtain complete prostatic cell death in the treatment of early stage prostate cancer by High Intensity Focused Ultrasound (HIFU) therapy, we use Degarelix (GnRH antagonist) twice simultaneously. Patients and Methods: The first Degarelix subcutaneous injection was made two weeks before HIFU therapy, and second Degarelix was applied two weeks after the HIFU therapy. No additional maintenance Degarelix was used. To confirm the apoptosis induced by Degarelix, specimens obtained by transurethral resection simultaneously on HIFU were stained with caspase 3 and TUNEL. PSA was monitored every three months after this combination therapy as long as two years. These PSA values were compared with those who previously treated with HIFU without Degarelix. Results: Nine T1cN0M0 prostate cancer patients were enrolled to "HIFU + Degarelix" therapy. Pre treatment mean PSA level was 6.11 ± 1.83 ng/ml (SD), and PSA 3 months after the treatment was 0.02 ± 0.02. These low PSA levels continued thereafter (0.16 ng/ml ± 0.19 at 24 months). The mean pretreatment PSA level of the 34 patients underwent HIFU without Degarelix was 11.07 ± 13.9 ng/ml, 3 months post HIFU was 1.68 ± 3.04, (2.80 ± 3.97 at 24 months). Caspase 3 and TUNEL were positive on the glandular cells in TUR specimens of "HIFU + Degarelix" patients, suggesting Degarelix induced apoptosis. Conclusion: Although the number of our patients was small, the results of "Short course Degarelix + HIFU" would be promising for better long-term outcome than HIFU mono-therapy.
Introduction
Prostate cancer is now the most commonly diagnosed cancer in the developed countries [1] . The introduction of widespread screening using prostate specific antigen (PSA) in the decade of 1990, easy detection of prostate cancer yielded mount of early stage curable prostate cancer as well as non-clinical cancer [2] . Most of these early prostate cancers, including some non-clinical cancers, are treated with invasive methods such as total prostatectomy or high dose radiotherapy [3] . These invasive methods may have severe co-morbidities in urination and/or sexual function. So the development of less invasive modality with minor adverse effect for prostate cancer treatment has been investigated. Although, cryotherapy, radio-frequency ablation therapy and high intensity focused ultrasound therapy (HIFU) are now utilized as less invasive therapy for prostate cancer [4] , these modalities have not accepted as standard therapy, presumably because the results are not as effective as surgery or radiation therapy [5] , and the morbidities of these less invasive methods are not negligible [6] .
More than ten thousands of early stage prostate cancer patients had undergone HIFU in the world, however HIFU does not have an appraisal as a standard therapy. The reason of this low estimation is due to lack of excellent long term results and lack of established methods to obtain stable results as well. Previous treatment results in our hospital on HIFU without Degarelix indicated, although about 60% of patients, whose post HIFU PSA level maintained below 1 ng/mL, showed excellent results, among the half of the patients whose post HIFU PSA value rose again after decreased below 1 ng/mL, or whose post HIFU PSA value remained three or four ng/mL, had worse prognostic results, such as cancer positive by post HIFU biopsy (unpublished data).
Prostate cancer is a hormone sensitive tumor, and even though the tumor might be high grade, hormonal therapy should be effective when the cancer is hormone naïve. Especially, more than 90% of cancer cells are said to be induced apoptosis at the first hormonal use [7] . Recent study revealed that small number of prostatic cancer cells can acquire an apoptotic tolerance by epithelial to mesenchymal transition (EMT) mechanism [8] . Moreover, some of these non-apoptotic cells will progress to castration resistant prostate cancer after obtaining ability to cell multiplication even under a hormonally castrated condition [9] . So if some other therapeutic modality such as HIFU is added at the timing when most of the cancer cells are dying by apoptosis and only small number of cells are obtaining apoptotic tolerance during the first hormonal exposure, complete cell kill may be performed. We here report our trial to add HIFU therapy at the timing when many prostatic cells are induced apoptosis by the first hormonal use for early stage prostate cancer two weeks after the initial use of Degarelix, which can properly reduce testosterone to castrate level in a few days.
Methods
Our treatment regimen is as follows, Degarelix 120 mg × 2 subcutaneous injection, HIFU + transurethral resection of prostate (TUR-P) two weeks after the first Degarelix use under general anesthesia, Degarelix 80 mg subcutaneous injection two weeks after HIFU, no maintenance hormonal therapy thereafter (only twice). This treatment program was evaluated by the hospital IRB (Institutional Review Board of Tokyo Medical University, Ibaraki Medical Center, approved 2013.6) and all the attended patients approved after informed consent with signature. PSA was examined every three months after the therapy. To confirm apoptosis, caspase 3 (Merck Millipore, Germany) immunohistochemical staining and TUNEL study (Promega, USA) were performed to TUR specimens obtained at HIFU treatment [10] [11] . Immunohistochemical stainings were performed to formalin fixed paraffin embedded section following instruction [12] . Anti-caspase 3 antibody (cleaved form, polyclonal rabbit anti-human) was used in 10× solution activated by microwave. Nine patients treated with HIFU + Degarelix were enrolled, and post HIFU PSA values were compared with the results of 34 patients treated with HIFU only. These 34 patients were treated at our hospital before Degarelix could be clinically available in Japan. PSA reduction rate at three months after each therapy {(pre-PSA-post 3 months PSA)/pre-PSA} was compared between these groups and evaluated by unpaired t-test using stat view 4.5 (Abacus concepts. USA).
Results

Profiles and Treatment Results of Degarelix + HIFU Patients
Nine T1cN0M0 prostate cancer patients were enrolled to HIFU + Degarelix therapy. Profiles and treatment results and/or adverse events of these patients are listed in the Table 1 . The average of pre treatment PSA was 6.11 ± 1.83 ng/ml (SD), and PSA 3 months after the treatment was 0.02 ± 0.02. These low PSA levels continued Positive biopsy shows positive biopsy cores/total biopsied cores. PSA values shows pre-treatment and 12 months post-treatment values. * TUR-P was performed two months before HIFU to reduce prostatic volume due to benign prostatic hyperplasia, for others, TUR-P was done simultaneously at HIFU. thereafter (0.16 ng/ml ± 0.19 at 24 months). Marked shrinkage of prostate gland with open bladder neck was noted on MRI 3 months after HIFU therapy as indicated in the Figure 1 . One patient (#6) showed PSA failure at 18 months (nadir + 1.2 ng/ml) and he selected additional external radiation therapy and excluded from the 24 months PSA data. This patient underwent the first HIFU therapy with neoadjuvant LHRH hormonal therapy for three months eight years ago, so this was not the first hormonal therapy for him. Three patients showed marked prostatic urethral stricture, which was treated by internal urethrotomy (#3, #4 patients) and urethral sounding in outpatient basis (#5).
Immunohistochemical Staining
Caspase 3 and TUNEL were positive on the glandular cells in TUR specimens of "HIFU + Degarelix" patients, indicating Degarelix induced apoptosis at the time of HIFU therapy (Figure 2). 
Comparison with HIFU Mono-Therapy
The mean pretreatment PSA level of the 34 patients underwent HIFU without Degarelix was 11.07 ± 13.9 ng/ml, 3 months post HIFU was 1.68 ± 3.04, and 24 months post HIFU was 2.80 ± 3.97 ng/mL. All the patients treated with "HIFU + Degarelix" showed 3 months post treatment PSA level below 0.1 ng/ml. The PSA decrease rate from pre-treatment to 3 months post-treatment of HIFU + Degarelix patients was statistically larger when it was compared with HIFU only patients ( Table 2 ).
Discussion
Although HIFU therapy has been used as non-invasive treatment for early stage prostate cancer, it is not sited as standard therapy in any guidelines in the world. Haar and Coussios [13] reported the fundamental treatment mechanism of HIFU attributes to thermal effect up to 90 degrees centigrade produced by aggregated strong ultrasound energy, and mechanical effect by acoustic pulses producing cavitations, microstreaming and radiation force. The reason why HIFU has not accepted as a standard therapy, is presumably due to the lack of reliable long term results [14] . The possible cause of this incomplete treatment might be the appearance of untreated niche produced by the minute movement of the patient and/or ballooning of prostate by heat during the treatment procedures [15] . And if this untreated niche contained cancer, the tumor will relapse in the long run. The superficial lesion close to prostate capsule has abundant blood supply and easily escape the heat, so these parts may apt to more produce untreated niche than the central part.
Bruchovsky et al. [16] reported that more than 90% of implanted hormone naïve Shionogi cancer cells went into apoptosis at the first exposure of hormonal therapy. Degarelix is a sole agent, which can certainly reduce PSA values shows pre-treatment, 3, 6 and 24 months after treatment. PSA reduction rate * is high in HIFU + Degarelix therapy compared to HIFU mono-therapy in 3 months (p < 0.05). The rate of treatment failure is calculated at the treatment results of 24 months by PSA value (nadir + 1.2) and/or post-treatment positive biopsy. testosterone as low as castration level in a few days and induce massive apoptosis of prostatic cells [17] . We expected additional effect by simultaneous use of HIFU and Degarelix, and expected a 100% prostatic cell kill that may not be accomplished by HIFU therapy only. Our results showed that simultaneous short course Degarelix and HIFU therapy yielded reduction of PSA values as low as those after surgical prostatectomy, and also indicated the similar MRI image as those after surgical resection (Figure 1) . We presume hormonally induced apoptosis and HIFU induced heat damage affect not only glandular but also interstitial tissue worked as a multiplier effect consequently cause total organ damage.
The reason why the hormonal therapy must continue almost eternally is presumed that small numbers of prostatic cancer cells turn into stem cells by means of EMT and remain as cell arrest condition obtaining apop-tosis-durability after the first hormonal therapy [8] [9] . In our therapy, HIFU effectively damage these EMT inducing cells by the first use of Degarelix, and also damage the interstitial cells those are supposed to assist EMT.
Cryotherapy needs trans-perineal multiple needle punctures. Therefore HIFU is the only non-invasive therapy for early stage prostate cancer except for external beam radiation therapy. We are convinced that by more experiences, simultaneous use of short Degarelix and HIFU therapy would recognize as an alternative standard therapy of prostatectomy or radiation therapy.
Conclusion
Although the number of our patients was small, the results of "Short course Degarelix + HIFU" were promising for a better long-term outcome than HIFU mono-therapy. The simultaneous use of Degarelix and HIFU could compensate each weak point that small number of cancer cells might still survive after the single therapy, and yield the possibility to obtain total cancer cell kill that is indispensable to make "HIFU" a standard therapy.
